Chapter 5

Control-System Design Variations

5-1. General

The control systems shown in chapter 4 will be modified
when required to account for HVAC-system equipment
variations. The variations covered in this chapter are as
follows:

a. 100-percent outside-air systems.
b. Control of exhaust fans.

c. Smoke dampers.

d. Variable-speed drives.

e. Steam-preheat coil with face-and-bypass dampers.

f. Modulating hot-water or hot-glycol preheat coil.

g. Combining hydronic-control systems and air-control
systemsin the same HVAC-control panel.

h.  Unoccupied-mode space-temperature setback con-
trol for terminal units.

i. Two-way shut-off valves on fan-coil units.

j. EMCS-initiated building-purge and recirculation
modes.

k. Smoke control and freeze protection.

|. Control systems without economizer modes.

m. Dual steam valves.

5-2. Control-system variations for 100-percent
outside air (continuous operation)

a. HVAC systemsthat introduce 100-percent outside
air are used as air-makeup systems when large quantities
of air are exhausted from the space. Such systems are used
in the heating and cooling of such spaces as hospital
operating rooms and laboratories, which cannot recirculate
air from the space through the system. Spaces that cannot
usereturn air will usually have more air exhausted than is
supplied, to insure that the spaceis at a negative pressure
with respect to surrounding spaces. This may be
accomplished by an exhaust fan interlocked with the
supply fan.

b. A 100-percent outside-air system does not require
the economizer-changeover and mixed-air-temperature
control loops, but does require an outside-air preheater coil
and associated temperature-control loop in most climates.

c. The 100-percent outside-air system may need a
humidifier and its control loop. Thisloop would function
identically as discussed in paragraph 3-8 and shown in
figure 3-12.

d. Figure5-1 showsthe variationsthat would occur for
a100-percent outside-air unit. The outside-air preheat coil
may be aheat-recovery coil, which may be part of aglycol
run-around system that recovers heat in the air from one or
more exhaust fans. The heating coil will not be part of the
recovery system. The system shown in figure 5-1 has a
temperature/humidity control sequence as described in
chapter 4. If the system has a heat-recovery coil, some
additional controls may be required if they are not part of
a total heat-recovery package. The exhaust fan is shown
with a pneumatic damper actuator. Device EP-XX02 is
shown as field-mounted, but it may be located in aloca

fan starter or may be included in the HVAC control pand.
The designer will make this choice.

e. Theladder diagram variations for the 100-percent
outside-air system are shown in figure 5-2, which is similar
to figure 4-21B, but modified to delete the relay and pilot
lights associated with the ventilation-delay mode and with
the system stops during the unoccupied mode. A smoke
detector isrequired in the supply-fan discharge. Figure 5-2
shows an exhaust-fan section of the ladder diagram on
lines 300 through 303. Each interlocked exhaust fan
requires a contact of R-XX02 for safety shutdown and a
remote safety override, located at assigned terminal blocks
inthe HVAC control pand.

5-3. Control-system variations for exhaust fans

a Schematic variations for an exhaust fan are shown
in figure 5-3, for eectric and pneumatic actuators. Sole-
noid 3-way air valve EP-XX02 and damper actuator DA-
XX02 will be energized to open their respective dampers
when their respective fans start. These devices will be
powered from a source other than the starter transformer,
such asthe HVAC control panel.

b. Ladder-diagram variations for exhaust fans are
shown in figure 5-4. These variations are somewhat differ-
ent from the exhaust-fan interlock shown in figure 5-2,
which areintended for exhaust fans that are interlocked to
HVAC systems handling return air. One exhaust-fan
example is shown with a pneumatic damper operator, for
guidance in applying pneumatic actuators to shutoff
dampers. No positive positioner is required for the actu-
ator. In this example, the fan is off and the dampers are
closed in the unoccupied and ventilation-delay mode.
Another example is shown with an electric damper actu-
ator, for guidance in applying electric actuators to shutoff
dampers. Inthis example, the dampers are open whenever
the supply fan runs. The designer will add relaysin parall€
with R-XXO0I, R-XX03, and R-XX11, as required to
accommodate contacts to control additional exhaust fans.
The designer will show contact and coil references on the
schematic and the ladder diagram for the additional relays.

c. Thedesigner will check the exhaust-fan selection for
the rated shutoff static pressure to determine whether a
damper end switch should be applied to the control of the
exhaust-fan starter circuit. If the shutoff static pressure is
1 inch of water column or higher, the designer will
incorporate an end switch in the design as described later
in this manual under variations for smoke dampers.

5-4. Control-system variations for smoke
dampers

a. Smoke dampers can be used with any HVAC air-
delivery system, but generaly the smoke dampers are
required only when the HVAC unit exceeds a given air
capacity. An example of the use of smoke dampers is
shownin figure 5-5. Actuators DA-XX04 and DA-XX05
will be powered from some source other than the fan-
starter holding-coil transformer, such as the HVAC control
pand. The contacts of relays R-XX 13 and R-XX14 both
must be closed to allow any smoke dampers to open.

b. Figure 5-6 shows the ladder-diagram variations for

smoke dampers. When relay-coil R-XX13 on line 105 is
energized, contacts in the power circuitsto DA-XX04 and
DA-XX05 are closed. Similarly, when relay-coil R-XX14
on line 205 is energized, contacts in these same circuits are
closed. When both relays are energized, actuators DA-
XX04 and DA-XXO05 open their respective smoke
dampers. When the smoke dampers open, end switches
ES-XX01 and ES-XX02 close their contacts on line 20 to
energize ray-coil R—XX12. When relay-coil R-XX12is
energized, contacts on lines 104 and 204 close, to alow
starter-holding coils M01 and MO02 to energize and start
the fans. Tripping either end switch will shut down both
fans. Relay coils R-XX11 and R-XX12 are the only
devices that will be powered from the starter-holding-coil
transformers. The relays must be wired through the
overload relay contacts and must be powered in the
“HAND” and “AUTQO” positions of the “HAND-OFF-
AUTO” switch; they also must be powered in the event
that the remote-safety-override circuit is closed. Both
dampers must open before either fan can start, and each
must close when its respective fan is stopped.

c. Thedesigner will modify HVAC control-panel layouts
to show the relays and terminal blocks associated with
these variations.

5-5. Control-system variations for variable-
speed drives

a. Figure5-7 showsvarigble-speed drivesin lieu of the
supply and return-fan inlet vanes. Relay contacts in the
supply-duct static-pressure control loop and the return-fan-
volume contral loop, which open on supply-fan shutdown,
are not necessary because there are no inlet vanes.

b. Thevariable-speed drive must accept a4 to 20 mil-
liamperes signal as an inpuit.

c. Figure 5-8 showsthe ladder-diagram variations for
variable-speed drives. It shows connections to the variable-
speed-drive contral circuitsin lines 100 and up and in lines
200 and up. There is no magnetic starter in this case,
because al starter functions are provided by the variable-
speed-drive controller.

d. Figure 5-9 shows variable-speed drives in lieu of
actuators for theinlet vanes.

e. Figure 5-10 shows the variations in the control-
pand interior-door layout for variable-speed drives. There
are no recaiver gauges in the interior door, because |Ps for
the inlet vanes are not required.

f. Figure 5-11 shows the variations in the back-panel
arrangementsfor variable-speed drives, with the bulkhead
fittings for control of the dampers and the cooling-coil
vave. Thereisno need for bulkhead fittings for control of
inlet vanes.

g. The terminal-block layout will show terminals
assigned to the variable-speed drive units rather than for
the magnetic-starter circuits for fans.

5-6. Control-system variations for steam-
preheat coil with face-and-bypass damper

a. The schematic-diagram and ladder-diagram
additionsto incorporate control for this type of preheat coil

are shown in figure 5-12. The steam coil valve, VLV, is
controlled from a 2-position thermostat, TSL, in the
incoming outside-air duct. The thermostat opens the steam
valve when the outside-air temperature drops to its set-
point and remains open as long as the outside-air tem-
peratureisat or below the setpoint. The loop consisting of
devicesTT, TC, IP, and DA controls the air temperature in
the discharge of the coil by modulating the preheat-coil
face-and-bypass damper to maintain the preheat-coil
discharge-air temperature.

b. Thermometer Tl intheoutside-air intake is required
if thereis not already such adevice at an outside-air tem-
perature transmitter associated with an economizer
controller.

c. The control devices and their parameters must be
added to the equipment schedule.

5-7. Control-system variation for hot-water or
hot-glycol preheat coil

The loop to be added to control-system schematics for
modulating control of such preheat coilsisasdiscussed in
paragraph 3-3 and shown in figure 3-2. When required,
this loop can be added to any HVAC system by showing
theloop in the control-system schematic, showing the loop
devices and their parameters in the equipment schedule,
and showing the controller and related devices in the
control-panel drawings.

5-8. Control-system variation for combining
hydronic-system and air-system controls in
the same control panel

This variation is shown in chapter 4 in the single-zone
HVAC-system with humidity control. Small buildings
generdly require a hydronic-heating system or a dual-
temperature water system and an air-handling system.
When appropriate, the designer will combine such systems
into acommon HVAC control panel.

5-9. Unoccupied-mode space-temperature
setback control for terminal units

In chapter 4, the control systems for unit heaters and
perimeter radiation are shown with room thermostats
capable of one temperature setting. When the hydronic
systems serving such units are controlled to maintain a
reduced space temperature in the unoccupied mode, a
microprocessor-based room thermostat will be substituted
for the single-temperature thermostat shown in chapter 4.
An example of the substitution is shown in figure 5-13.

5-10. Control-system variations for 2-way shut-
oft valves for fan-coil unit

For dud-temperature hydronic systems with variable-flow
pumping, the fan-coil unitswill have 2-way shut-off valves
inlieu of 3-way shutoff valves. The designer may show 3-
way shut-off valves on selected fan-coil units for pump
relief of the variable-flow pumping system. The schematic
and ladder diagram variations are shown in figure 5-14.
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5-11. Control-system variations for EMCS-
initiated building-purge and recirculation
modes

a. When EMCS requires control of HVAC-system
outside-air, return-air, and relief-air dampers, the devices
used by EMCS to assume control of the dampers are
externd to the HVAC control panel. The devices required
depend on whether the actuators are pneumatic or
electric/electronic.

b. Figure 5-15 shows the schematic variation for
pneumatic actuators. The EMCS devices are: EPs labeled
“EMCS’, the purge-auto and recircul ating/auto contacts,
and the associated control circuit. When EMCSisnot in
control, and EPs pass the pneumatic control signal from
IP-XXO01 to the PPs of the damper actuators. When the
“PURGE/AUTQ" contact is closed, main air passes
through EP-I to the PPs of the dampers, which causes the
outside-air damper to fully open. When the “RECIR-
CULATING/AUTQO" contact is closed, air is exhausted
from the damper-actuator PPs, causing the outside-air
damper to close. The return-air and relief-air dampers
normally work in concert with the outside-air damper.
When both EMCS contacts are open, the EPs are de-
energized and IP-XXO0I’s pneumatic-control signal is
connected to the damper actuator’s PPs.

c. Figure5-16 shows EMCS devices required when the
damper actuators are electric or eectronic. The relays
labelled “R-I EMCS’ and “R-2 EMCS’ function in a
manner similar to the EPs required for pneumatic
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actuators. The device labelled “EMCS MPS’ is a
minimum-position switch set to hold the outside-air
damper open in the purge mode. The signal to the actuators
is interrupted in the recirculating mode to close the
outside-air damper.

5-12. Control-system variations for smoke
control and freeze protection

In addition to the required HVAC control panels already
shown, an HVAC system may have a smoke-control and
freeze-protection pand, to house the equipment required to
connect these systemsto the HVAC control system. These
systems can interrupt the control signalsto starters, valves,
and dampers for these special purposes. The smoke-
control and freeze-protection panels, if required, will be
custom-designed specifically for each project. The
standard HVAC control panels have interface provisions
at terminal blocks for smoke-control systems, freeze-
protection systems, or other external systems designed
either to shut down the HVAC system or to bypass the
shutdown circuits of the HVAC control system as required.
The contract documents must show the interface
requirements and locations of each non-H VAC control
pand in the project.

5-13. Control-system variations for non-
economizer HVAC systems.

a. The economizer mode of operation is not

appropriate for every HVAC application. When an HVAC
system is designed for comfort applications without
humidity control (i.e, no humidification or
dehumidification), the control system will have a
minimum-paosition switch to allow some adjustment of the
mixed-air flow. The stepsinvolved in modifying a standard
single-zone economizer-mode control system (such as
shown in chapter 4) to convert it to a non-economizer
control system are:

(1) Delete al economizer-loop devices (such as the
economizer controller and its transmitter, relay contacts,
and signal selector) from the control-system schematic.

(2) Delete the economizer’s PV and DEV contacts
and their associated relay and pilot light from the ladder
diagram.

(3) Delete the economizer controller and associated
devices from the equipment schedule.

(4) Deetethe economizer controller from the interior-
door layout.

(5) Delete the signal selector and relays associated
with the economizer controller from the back-panel layout.

(6) Delete the economizer-controller terminals from
the terminal-block layout.

b. Control systems other than a single-zone control
system can be modified to del ete the economizer mode by
deleting additional devices asfollows:

(1) Ddetethe mixed-air temperature control loop and
associated devices from the schematic.

(2) Delete the mixed-air temperature controller and
associated devices from the equipment schedule.

(3) Ddetethe mixed-air temperature controller from
the interior-door layout.

(4) Delete the mixed-air temperature controller
terminal blocks from the terminal-block layout.

c. To show the results of the previously-described
procedures, the single-zone system shown in figures 4-19A
through 4-19F has been modified to show a single-zone,
non-economizer control system as figures 5-17A through
5-17F.

5-14. Control systems with dual-steam valves

Generally when the size of a steam-service control valve
exceeds 2Y2 inches (pipe size), two steam valves will be
used; thevalve C, will be selected from available products
with one valve having a smdler C,. The vaves are
sequenced without a control-signal deadband. The control-
signal range availablefor operating the valves will be split
into two equal parts. In the control sequence, the smaller
control valve opens first. The control-system drawings
affected are the schematic and the equipment schedule.
Figures 4-10A and 4-10C have been modified to show the
required changes and are shown as figures 5-18 and 519.
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Schematic variations for 100-percent outside-air systems.

Figure 5-1.
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Figure 5-5. Schematic variations for smoke dampers.

T0
_— TYPICAL
ZONE

NIGHT STAT
LOC IN: XXXX

104

171



‘stodunp 230WS L0 SUOYDLIDA WDLEDIP-LIPPVT  "9-C dunbi g

HILAVLS Nv4d LSNVHXE

z1

d3LHVIS NV4 A1ddNS

X SOXX-¥C 'vOXX-¥Q /Gy ‘/ @/
N ¢
SOXX-V@ ‘YOXX-YQ /iy _Iou_ S
o
50z 43
#0Z ko
g0z
430
z0z "
. . S =
o 102 JADXX. TINVG TOHLNOD ONVH 4
W0XX.. TINVA T0HINOD H (XX OVAH LV 319V INAY N
NAH 1Y TV INAY o, & %
—o o 00z o o
e g
ALJV
IL0AIY 310M3H —
A ”
X LoJ X 15N 4 X L X 8N4
—— HINX =—— Y4NX
o s (W )—i s
1-ZOM %) 110N 8
t1 Al .
13NVd TOHLINOD OV AH
Y0Z'¥0L /51
0z
N &) i
6
Y0Z A1x% o
nmoarks \ ¥/
0L 24 (T L
L
Nmoalnks \ &/ %To
o————1 g
N NMOOLNHS
ALINS
IHONS A0 JLON3Y o
3/ /l.
44 6L YL 0x @
oo o @ o "
SONI 0L /BOXX) DIOWS @I\
LA ANCY, 4Nl ROT £k o
&/
Zl a1 'zl 0X
oo o Po u
SOM3 01 (BOXXY BNWIMEL HOINY @I\
TVIVAY & M NP oMo ,
o
s @ ~ @
o Fo 01 10XX-91 ffox TIvSK0/318YN3 o
SoM3 01 /7000 NO u3ZNON0D3 \ ¥/ o JIZINONODT SO
Tevivay o/ MIZNONOD3 A£Gy / o»_um Ad .
O —I°.||||.
#_
© & e
T N 23/ \23/ .
NO Q3200 N0 NWANYE S N\ é
£0Z ‘v £ox \_/ No_wo ,
NO NI\ Y/ LOVINOD X(W %
Son3 0L
AVTIA INIA D3N H._OTH TEVINAY | o
3/ .l\@
Y 40X a S
NO Av1Q INAN ¥/
LOXX-dl £ox ,.l_ S / .
Fo—oifo—odo—]
430 AV1IQ IN3A 'NO 030 'NO NVAN Y/ R\ SR\ o 7
o0 o7 OO n
NO d31dnd20\ ¥/
03dNI0 A5xX ,
~ \.ﬂm‘
. SOM3 OL
8t floxX N Hn_o Ty | |
NO 3dnd20\ ¥ J c ] ] oam AT
AVT3Q INIA 9 *DD0NN-300 | Aox EL e 894 €|\ .
N/
H

a0l
0l

4}

10t

ot

172



| | L '@ - -
RETURN
——— — — )
<IY< ‘0’ <NR

<
]
=]
<&
&
=]
t=

1

i

1

1

1

i

1

)

1

)

]

' o

;

1]

i ' @

1 1

1 l A ’

1 N o e e e e e o e e e o 4

N (P S e e P 72 - T | _

1

1

1

1 7

\ -7
o T " - e e e e e

b | r
NO , !
l : : T
' l
| !G @ @ @k,
\/ X0/ 14 00 NO / HC\
— - ~ X L& ' |V [H 10 \/

X BOX C SPACE

VAV
£ RO

0y \XX07/

- --——a—u—- —————— <'

X 4 W cu-sona. 10

| SELECTOR OR

] 3

1 I

. | (Ps

- NIGHT STAT

) LOC IN: XXXX

N 108

2
LRETURN

1
1
|
'
)
'
I
'
t
I
3
i
I
1
1
i
i
1
i
)
'
'
t
I
1
i
1
i
i
1
1
]
!
]
I
1
1
'
’

’

’

Figure 5-7. Schematic variations for variable-speed drives.
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